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lines 1 to 28, in column 1, on page (2) 

[Claims ] 

[Claim 1] A photocatalyst f wherein the photocatalyst is 
coated with an organic polymer having hydrophilicity or 
ion-exchange capacity on a part of the surface of an oxide 
which produces at least either hydrogen or oxygen, by 
decomposing water by irradiation of light. 
[Claim 2] The photocatalyst according to claim 1, wherein 
the above-described organic polymer is a fully fluorinated 
ionomer . 

[Claim 3] The photocatalyst according to claim 1, wherein 
the above-described organic polymer is a fluoro resin 
having carboxyl group or a sulfo group (sulfonic acid 
group) . 

[Claim 4] The photocatalyst according to any one of 
claims 1 to 3, wherein the above-described oxide is an 
oxide containing monovalent copper. 

[Claim 5] The photocatalyst according to claim 4, wherein 
the above-described oxide is Cu 2 0. 

[Claim 6] The photocatalyst according to claim 4, wherein 
the above-described oxide is a compound represented by a 
chemical formula CuM0 2 (M : a metal element selected from 
at least one or more kind of trivalent elements, or a 
trivalent single metal element or compounded metal 



FROM T. I I DA PAT (ffiBSXaK3VBffi) 



2001S 6B 6B (*) 19 :0Q/m\B : 5 7/X8SS4805 2 2 385 1 P 8 



element) . 

[Claim 7] The photocatalyst according to claim 6, wherein 
M in the above-described chemical formula are at least one 
or more kind of metal elements selected from the group 
consisting of Cr, Mn, Fe, Co, and Ga, or a single metal 
element or compunded metal element. 
[Claim 8] The photocatalyst according to any one of 
claims 1 to 7, wherein the photocatalyst is in a form of a 
fine particle with particle size of 0.1 to 10 micron 
(preferably 0.1 to 1 micron). 

from line 41 on column 4 in page (3), to line 48 on column 
5 in page (4) 

[0021] That is, in order to cause a photocatalytic 
reaction, at least some of the photocatalyst surface has 
to be exposed and in other words, if the exposed surface 
is too small, the catalytically active points are 
decreased on the contrary and the effect of the present 
invention is extinguished. Accordingly, it is preferable 
to properly set the ratio of the catalyst surface which 
can from the above-described organic polymer membrane. 
To set such a ratio may be carried out on bases of the 
weight of the above-described organic polymer to replace 
for the weight of the photocatalyst. For example, in case 
of using Nafion, which is described later, as the organic 
polymer, Nafion in an amount equivalent to 4 to 6 wt% to 
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the amount of the catalyst is appropriate. Further, the 
film thickness of Nafion to coat the surface of the 
catalyst is not specifically defined. 
[0022] As the organic polymer having hydrophilicity 
according to the present invention, organic polymers 
having a hydrophilic group such as -COOH, -OH, -NH 2 , - 
NHCONH 2 , -(OCH 2 CH 2 ) n -, -S0 3 H, -S0 3 M, -0SO 3 H, -OS0 3 M, -COOM, 
-NR 3 X (M : an alkali metal or -NH 4 , R : an alkyl group, 
X : a halogen), phosphonic acid group, a quaternary 
ammonium group, and the like, are mentioned, however it is 
not restricted to these examples. 

[0023] Further, as the organic polymer having ion 
exchange capacity according to the present invention, 
organic polymers having an ion exchangeable functional 
group such as -S0 3 H, -COOH, phosphonic acid group, - 
CH 2 N + (CH 3 ) 3 C1", -CH 2 N + (CH 3 ) 2 C 2 H 4 OH/Cl~, -CH 2 N(CH 3 ) 2 , a 
quaternary ammonium group, and the like, are mentioned. 
However, it is not restricted to these examples. Among 
these organic polymers, the above-described effect is 
especially large in case of the photocatalyst (according 
to claim 2) coated with a fully fluorinated ionomer, and 
in case of the photocatalyst {according to claim 3) coated 
with fluoro resin having carboxyl group (-COOH) and/or a 
sulfo group (sulfonic acid group -S0 3 H). Because such 
photocatalysts are excellent in chemical resistance, 
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oxidation decomposition resistance, and reduction 
decomposition resistance and therefore, they are 
preferable. 

[0024] As the fully fluorinated ionomer according to the 
present invention, organic polymers represented by the 
following chemical formula: - ( (CF 2 CF 2 ) x - {CF 2 CF) y ) - 
( (OCH 2 CFCF3) m -0-(CF 2 ) n -X <m = 0, 1; n = 1 to 5; X = -COOH, 
-S0 3 H, and their derivatives), are mentioned. More 
particularly, for example, perf luorosulf onic acid 
derivatives (-Rf {OCF(CF 3 )CF 2 ) x OCF 2 CF 2 S0 3 Na (trade name: 
Nafion; Rf : a fluorinated hydrocarbon group) manufactured 
by DuPont and their improved products {perf luorocarboxylic 
acid or its derivatives, perf luorosulf onic acid or its 
derivatives into which carboxylic acid group or its 
derivatives are partially introduced are preferable. 
[0025] Nafion and its improved products are 
representative examples of the fully fluorinated ionomer 
(according to claim 2) and the fluoro resin (according to 
claim 3) having carboxyl group ( -COOH) and/or a sulfo group 
(sulfonic acid group -S0 3 H) . Since Nafion and its 
improved products are excellent in chemical resistance, 
oxidation decomposition resistance, and reduction 
decomposition resistance, they are not deteriorated even 
if they are immersed in water for a long time just like a 
photocatalytic reaction experiment. Further, they are not 
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deteriorated by a hole and an electron generated by the 
photocatalytic reaction. 

[0026] Further, since Nafion and its improved products 
are hydrophilic polymers, being different from hydrophobic 
polymer, they can take water which is a reaction substance 
on the surface of the catalyst, without repelling water. 
That is, organic polymers are easy to introduce the above- 
described hydrophilic groups. Further, the organic 
polymers having hydrophilicity are easy to be dissolved in 
a solvent of water, an alcohol, or the like, and easy to 
coat on the surface of a photocatalyst in a solution state. 
Accordingly, they are preferable. 

from line 49 in column 6 on page (4), to line 49 in column 
8 on page (5) 

[0033) 
[Example 1] 

The photocatalyst of the present example was a 
photocatalyst which is coated the above-described Nafion, 
which is an organic polymer having hydrophilicity and ion 
exchange capacity, in a part of the surface of a fine 
particle oxide {Cu 2 0) having a particle diameter of 10 >um 
or less. Further, the photocatalyst had catalytic 
activity in a visible light region. 

(1) A method for producing a photocatalyst of the present 
example . 
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Nafion was coated in mottled on the surface of a 
finely particle Cu 2 0 having a particle diameter of 10 /zm 
or less by the following method. At that time, Nafion was 
coated on the surface of Cu 2 0 two times but not was coated 
at one time, so as to form the coating in mottled as 
uniform as possible (distributed in the entire surface of 
Cu 2 0) . 

[0034] At first, 0.5 g of a fine particle Cu 2 0 and 0.01 
g of Nafion were weighed, and were added to 15 ml of 
isopropyl alcohol. Then the mixed sample was put under 
the reduced pressure with a rotary evaporator till the 
sample (i.e. a substance on which Nafion was coated in 
mottled on the surface of the fine particle Cu 2 0) dries. 
Next, the dried sample was added to the mixture of 0.01 g 
of Nafion and 15 ml of isopropyl alcohol, then the sample 
was put under the reduced pressure with a rotary 
evaporator till the sample dries. The photocatalyst the 
present invention produced by the above. 

[0035] Further, Nafion of 4 wt% to the fine particle Cu 2 0 
was coated in mottled in the present example, 

(2) Evaluation of catalytic activity 

The catalytic activity of the produced photocatalyst 
was evaluated with a closed circulation system catalytic 
reaction apparatus by producing hydrogen and oxygen using 
pure water as a reaction solution as follows. 
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[0036] At first, 0.5 g of the produced photocatalyst was 
added to 300 ml of pure water, and light was irradiated to 
the solution from the outside, stirring with a magnetic 
stirrer. At that time, 500 W xenon lamp was used as a 
light source, and a reaction tube produced by Pyrex glass 
was used. Further, light ray, which wavelength of 4 60 nm 
or less was cut by a filter, was irradiated thereto. Then, 
the analysis {detection and quantitation) of produced 
hydrogen and oxygen was carried out by gas chromatography. 
As a result of the analysis, generation of hydrogen and 
oxygen was found, and the catalytic activity was hydrogen: 
14.8 //mol/h and oxygen: 7.4 ^mol/h. 

[003 7] For the purpose of comparison, a fine particle 
Cu 2 0 (conventional photocatalyst) which Nafion is not 
coated was subjected to the measurement of catalytic 
activity. The catalytic activity was hydrogen : 1.0 jl 
mol/h and oxygen : 0.5 #mol/h. That is, it was confirmed 
that the photocatalyst of the present invention have much 
higher catalytic activity in the visible light region than 
the conventional photocatalyst. 

[0038] Further, regarding the photocatalyst of the 
present invention and the conventional photocatalyst, 
degradation of catalytic activity with the using was 
evaluated. It was confirmed that the photocatalyst of the 
present invention is shown significantly slight 
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degradation of catalytic activity with increase of the 
using time as comparing with the conventional 
photocatalyst . 
[0039] 
[Example 2] 

The photocatalyst of this example was a 
photocatalyst which is coated the above-described Nafion, 
which is an organic polymer having hydrophilicity and ion 
exchange capacity, in a part of the surface of a fine 
particle oxide (CuFe0 2 ) having a particle diameter of 10 
/im or less. Further, the photocatalyst had catalytic 
activity in a visible light region. 

(1) A method for producing a photocatalyst of the present 
example. 

At first, Cu 2 0 and Fe 2 0 3 were mixed by a prescribed 
composition ratio, then bared in an inert gas atmosphere 
(solid phase method) to synthesize a precursor of the 
photocatalyst (particle CuFeO x ). 

[0040] In this case, taking evaporation of Cu 2 0 during 
the synthesis into consideration, the amount of Cu 2 0 was 
adjusted to be more than the theoretical amount (the 
amount of stoichiometric ratio: 2.36 g) by about 10%. 
That is, 2.60 g of Cu 2 0 and 2.64 g of Fe 2 0 3 were weighed 
and put in an alumina boat and bared at 1050°C for 10 
hours in nitrogen atmosphere. After that, the synthesized 
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precursor was crushed to be a fine particle having the 
particle diameter of 10 Mm or less by mortar to obtain a 
fine particle CuFe0 2 . 

[0041] Next, Nafion was coated in mottled on the surface 
of the fine particle CuFe0 2 by the following method. At 
that time, Nafion was coated on the surface of CuFe0 2 two 
times but not was coated at one time, so as to form the 
coating in mottled as uniform as possible (distributed in 
the entire surface of CuFe0 2 ) . At first, 0.5 g of a fine 
particle CuFe0 2 and 0.01 g of Nafion were weighed, and 
were added to 15 ml of isopropyl alcohol. Then the mixed 
sample was put under the reduced pressure with a rotary 
evaporator till the sample (matter which Nafion was coated 
in mottled the surface of the fine particle CuFe0 2 ) dries. 
[0042] Next, the dried sample was added to the mixture of 
0.01 g of Nafion and 15 ml of isopropyl alcohol, then the 
sample was put under the reduced pressure with a rotary 
evaporator till the sample dries. The photocatalyst the 
present invention produced by the above. Further, Nafion 
of 4 wt% to the fine particle CuFe0 2 was coated in mottled 
in the present example. 
(2) Evaluation of catalytic activity 

The evaluation of the catalytic activity was carried 
out in the same manner as the example 1 . It was confirmed 
that the photocatalyst of the present invention had much 
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higher catalytic activity in the visible light region than 
the conventional photocatalyst (fine paticle CuFe0 2 which 
Nafion is not coated), and that the photocatalyst of the 
present invention showed significantly slight degradation 
of catalytic activity with increase of the using time. 
[0043] Further, photocatalysts, which Nafion is coated in 
mottled on each surface of a fine particle CuGa0 2 , CuCr0 2 , 
CuMn0 2 , and CuCo0 2 having the particle diameter of 10 jam 
or less, were produced in the same manner. Each obtained 
photocatalysts were evaluated respectively. It was 
confirmed that the above-described photocatalysts had much 
higher catalytic activity in the visible light region than 
the conventional photocatalyst (Nafion is not coated), and 
that the photocatalysts of the present invention shows 
significantly slight degradation of catalytic activity 
with increase of the using time. 
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